Forty-five patients with either a ventricular septal defect or a persistent ductus arteriosus were assessed by echocardiography and cardiac catheterisation. Left atrial dimension was expressed either as a function of the body surface area (LAD cm per m2 BSA), or as a multiple of the aortic root dimension (LAD/AR), and was compared with the shunt size as determined by oximetry. A highly significant (P<0.001) regression relation was found for the group as a whole. A significant relation also existed for each individual group: ventricular septal defect, ventricular septal defect with pulmonary hypertension, and persistent ductus arteriosus. Regression equations were derivedfor the whole group. The value of echocardiography is in separating largefrom small shunts and in adding a dimension to thefollow-up of the individual patient.
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The measurement of the size of left-to-right shunts at either ventricular or aortopulmonary level has traditionally depended on the use of oxygen saturations or of an indicator such as indocyanine green, at cardiac catheterisation. More recently, the use of radionuclide angiography with injection of tracer into a peripheral vein has been shown to give comparable results (Maltz and Treves, 1973; Alderson et al., 1975) .
In ventricular septal defect and in persistent ductus arteriosus an increased amount of blood is returned to the left atrium. Changes in volume of this chamber have been shown to occur in various haemodynamic disorders (Hawley et al., 1966) . Echocardiography has proved itself as a noninvasive method for determination of left atrial size with a high degree of accuracy. Measurements correlate closely with those obtained by angiography (Hirata et al., 1969; Lundstrom and Mortensson, 1974; Ten Cate et al., 1974; Yabek et al., 1976) . The larger the left-to-right shunt, the greater the volume of blood delivered to the left atrium. We designed this study to determine whether there is a relation between the magnitude of the shunt and left atrial size determined echocardiographically.
Subjects and methods
All children undergoing diagnostic cardiac catheteri-'Supported by a grant from the Ontario Heart Foundation.
Received for publication 23 June 1976 sation at The Hospital For Sick Children, Toronto, with a presumptive diagnosis of either ventricular septal defect or persistent ductus arteriosus were studied by echocardiography during the 24 hours preceding catheterisation. Forty-five patients were investigated, including 35 with ventricular septal defect and 10 with persistent ductus arteriosus. The haemodynamic and echocardiographic measurements are shown in Tables 1 and 2 , respectively. Twelve of the patients with ventricular septal defect had pulmonary arterial systolic pressures greater than 40 mmHg.
CATHETERISATION METHODS
The size of the left-to-right shunt was determined by oximetry, using a Waters oximeter, and was expressed as pulmonary/systemic flow ratio. Oxygen consumption was assumed, using the tables of Lafarge and Miettinen (1970) . The superior vena caval oxygen saturation was used for the mixed venous value, two samples usually being obtained from this site. All saturations were obtained consecutively, with the patient in a steady state. Any patient with angiographic and/or oximetric evidence of a significant left-to-right shunt at atrial level was excluded from the study. varying in frequency from 5 MHz (0.25 inch un-patients in whom these structures were clearly focused) to 2-25 MHz (05 inch focused at 5 cm) shown were included in the study. Measurements were used. The mitral valve echo was identified and were made as described by Brown et al. (1974) . The a sweep then made by rotating the transducer left atrial dimension was measured at end-systole superiorly and medially until the aortic root and left from the anterior edge of the posterior left atrial wall atrial wall were identified (Fig. 1) . Only those to the anterior edge of the posterior wall of the aortic group.bmj.com on January 12, 2018 -Published by http://heart.bmj.com/ Downloaded from and the size of the left-to-right shunt (P < 0001) ( Fig. 2 and 3 root. The aortic root was measured at end-diastole from the anterior edge of the anterior aortic wall to the anterior edge of the posterior aortic wall. The posterior left atrial wall was identified as that echo which is continuous with the epicardial echo seen behind the left ventricular posterior wall (Fig. 1) . Measurements of the left atrial dimension and aortic root were made independently by two observers: any dimension variation of greater than 1 mm was checked. The left atrial dimension was expressed as a function of the body surface area (LAD cm per m' BSA) and as a multiple of the aortic root dimension (LAD/AR). The body surface area was determined from measurements of the height and weight using a standard nomogram (Diem and Lentner, 1970) .
STATISTICAL ANALYSIS
The relation between LAD/AR or LAD and the shunt size determined by oximetry was established by linear regression. The significance ofthe resulting regression equation was assessed by the analysis of variance technique. These two regression relations were established and assessed for each group of patients separately and combined.
Results
The statistical analysis for all patients shows a significant relation between the left atrial dimension Each group was then considered separately (Table 3) . In all groups the LAD had a higher positive correlation with the shunt size than the LAD/AR. A particularly high correlation was found in the pulmonary hypertensive group. This group included infants with large left-to-right shunts through a ventricular septal defect as well as older children with high pulmonary vascular resistances. The high correlation in this group confirms the validity of this method of assessment of all haemodynamic types of ventricular septal defect.
The statistical correlation is lower in persistent ductus arteriosus (Table 3 ). The shunt in per- (Bloomfield, 1974) or a radionucide technique (Maltz and Treves, 1973 ) are compared with results from blood oxygen saturation data. The low correlation is probably a result of the inaccuracy of the shunt calculation from oxygen saturation data obtained by oximetry (Schostal et al., 1972) . This is compounded by some inaccuracies inherent in the echocardiographic technique.
These problems in echocardiographic assessment should be considered. The left atrial dimension does not increase linearly with body surface area (Goldberg et al., 1975) . Small and premature infants will have very large left atrial dimensions, if these are expressed in terms of body surface area; one should probably use the LAD/AR in this group. The use of this ratio to assess shunt size has been shown to have clinical application in premature infants (Baylen et al., 1975; Silverman et al., 1974) . The left atrial dimension is affected by other factors apart from the volume of blood reaching it. Decreased left ventricular compliance will result in an increase in left atrial dimension, as will lesions of the mitral valve (Hawley et al., 1966; Yabek et al., 1976) . One patient (not in this series) had a ventricular septal defect and coarctation of the aorta, and was in left ventricular failure; he had a larger left atrial dimension than expected from the size of the shunt. A coexistent atrial septal defect would result in a left atrial dimension that was smaller than expected, and patients with this associated abnormality were excluded for this reason. Other echocardiographic features of right ventricular volume overload should enable one to diagnose atrial septal defect (Meyer et al., 1972) . The aortic root may be enlarged in other diseases such as Marfan's syndrome (Brown et al., 1975) , and may increase in size proportionally with the shunt in persistent ductus arteriosus. A dilated root would reduce the LAD/AR. In addition, we are assessing only the anteroposterior diameter of the left atrium. This dimension is closely correlated with the volume of the left atrium in a variety of conditions (Hirata et al., 1969; Ten Cate et al., 1974) . Though in a recent analysis Yabek et al. (1976) , stated that 'pancaking' of the left atrium was not seen with volume overload, it is possible that distortion of this axis of the left atrium might occasionally occur.
The recognition of these problems in any individual will enhance the usefulness of the technique. This totally non-invasive method of determining the size of the left-to-right shunt could then have many clinical applications.
One of the important considerations in the clinical evaluation of a shunt is its relative rather than its absolute magnitude. Large shunts should be distinguished from small shunts. The inaccuracies of the oximetric method make this an acceptable classification. A 'grey' zone around the 2:1 dividing line is appreciated. Fig. 4a shows that a left atrial dimension of 5 cm per m2 BSA or less effectively divides small from large shunts. The one exception was an infant with clinical and radiographic evidence of a massive left-to-right shunt, who, despite the oximetric data, required immediate corrective surgery to relieve severe cardiac failure. Fig. 4b shows that an LAD/AR ratio of 1-6:1 or less forms an effective dividing line between large and small shunts. Of the 3 patients who had large left-to-right shunts by oximetry but small LAD/AR, 2 had small shunts radiographically and clinically. Thus echocardiography seems to be able to define shunt size with acceptable accuracy.
Another important application of this relation between shunt size and echocardiographic left atrial dimension is in the follow-up of the individual patient. Repeated echocardiographic estimations in an individual can be made accurately. This avoids the problem of variations within a group, and also in accurate standards. Repeated observations enable the physician to add an objective measurement to his clinical assessment. This previously would have required repeated catheterisation (Hoffnan and Rudolph, 1965) . A decrease in the size of the left-to-right shunt as reflected by a decrease in the left atrial dimension may be the result of closure of the ventricular septal defect, the development of pulmonary hypertension, or the development of infundibular pulmonary stenosis. A raised pulmonary arterial pressure can be detected on the echocardiogram (Nanda et al., 1974; Hirschfeld et al., 1975) and likewise, infundibular stenosis (Weyman et al., 1975) and aneurysm formation (Sapire and Black, 1975) may have typical echocardiographic appearances.
Finally, another aspect of the study was the derivation of a regression equation from which shunt size can be estimated numerically. This has value in the individual, though the inaccuracies inherent in each method will be reflected in the number calculated (Kalmanson and Stegall, 1975) .
A left-to-right shunt presents as a clinical composite. Echocardiography is a valuable procedure that adds to the total clinical evaluation of the situation. It does not localise the anatomical level of shunting within the ventricular septum or great arteries. Therefore, it does not supplant cardiac catheterisation in the investigation of these defects. It is, however, extremely valuable in providing an objective assessment of the magnitude of the leftto-right shunt. The need for repeated cardiac catheterisation can be avoided. 
